The 1970s and 1980s witnessed the emergence of several Ethiopian scholars working in paleoanthropology and allied disciplines, a development in which the CRCCH played a crucial role. Furthermore, the Centre oversaw the completion of laboratory and storage facilities on the National Museum compound in Addis Ababa. With the rapid development of national personnel and facilities for paleoanthropological research came the recognition that the history described above had left Ethiopia's paleoanthropological potential largely unexplored. The Ethiopian rift system had proven capable of yielding evidence needed to solve the basic problems of human origins, but the extent of paleoanthropological resources in this region was still poorly known. A systematic, comprehensive program of discovery and assessment was required.
The Paleoanthropological Inventory of Ethiopia

Goals
The Paleoanthropological Inventory of Ethiopia was formed in 1988 to allow Ethiopia to assess her overall antiquities resource base. Located within the Ministry of Culture, the project is designed to document the distribution and research potential of late Cenozoic sedimentary bodies and to place these deposits in a time-stratigraphic framework for the study of biotic and cultural change. It represents the primary research step in studies to elucidate hominid origins, diversification, and anatomical and behavioral adaptations.
From the Ethiopian and international perspectives, the traditional approach of exhausting a single research area before searching for another area is increasingly inappropriate. For many periods of interest to paleoanthropologists, localities are unknown or limited in extent. Even for better-known periods, proper antiquities management and research planning are still impossible because the extent of undiscovered research areas remains unknown. The inventory project was therefore designed to integrate Ethiopian national interests with international scientific concerns, allowing paleoanthropology to proceed in the known research areas while additional research areas are simultaneously sought.
Scape
The inventory project began its work in the Ethiopian rift system and adjacent highland areas. The most important data bearing on human origins and evolution have been found embedded and sealed in sedimentary units associated with the rift system. These primary and contextual data (artifacts, fossils, sediments) become susceptible to discovery as a result of geomorphic processes aided by faulting associated with rift evolution. For geomorphological reasons, fossiliferous occurrences in eastern Africa, as a very general rule, become rarer as their age increases the older a deposit, the greater the chance of subsequent erosion or deep burial consistent with intense volcanotectonic evolution of the Main Ethiopian Rift and the Afar during the Neogene and the Quaternary periods. For example, middle and late Miocene deposits that might hold clues to the origin of the Hominidae are rarer and more disturbed than middle or late Pleistocene deposits. This "pull of the recent" bias has serious consequences for the The surface content of the localities allows assessment of the paleoanthropological significance and potential of each area discovered by the inventory project. To summarize, we circumscribe areas of paleoanthropological significance by the outcrop of deposits and we characterize the areas by the surface content of the localities within them.
Methods
The Ethiopian rift and Afar are large geographic features (FIG. 1) , but only relatively small outcrops within them constitute targets of research opportunity. To identify these targets, we employ an approach combining satellite and aerial remote sensing with ground-truth information acquired by vehicle and foot survey. Rather than starting small and working outward by chance, the project begins comprehensively and focuses incrementally (Asfaw et al. 1990 ).
This telescoping, or "stratified," approach to area targeting makes the inventory geographically comprehensive without sacrificing spatial focus, meeting both scientific and EMC adrninistrative concerns. The 1988-1989 inventory work has already established five new paleoanthropological research areas: Melka Werer; Burji; Fejej; Bilate; and the subject of the current contribution, the Kesem-Kebena (FIGS. 1, 2).
At the top of our sampling hierarchy is Landsat Thematic Mapper (TM) and Space Shurde Large Format Camera (LFC) imagery. This imagery, when used with ground-truth information already acquired by fieldwork, allows areas with exposed continental sediments to be targeted (Asfaw et al. 1990 ). Foot and vehicle transects are then used to search for localities in the target areas. The localities, in turn, are used to characterize the nature and potential of each area. In large and rich areas, the discovery and assessment of all localities is impossible, and the inventory objective is limited to ensuring that a representative sample of localities is assessed.
Survey routes and discovernr data are recorded in a daily log, cross-referenced to imagery hard copy, aerial photographs, 1 :250,000 and 1: 50,000 topographic sheets, GPS data, locality recording forms, and on-locality photographs and videall archived in the Paleoanthropology Laboratornr at the National Museum of Ethiopia. It is not the intent of the project to exploit the research potential
Termixology
The term "site" has a variety of archaeological and paleontological meanings in eastern Africa, a circumstance that engenders substantial confilsion. For example, Hadar, Olduvai, Laetoli, and the Omo are often called "sites," while much smaller archaeological and paleontological occurrences within these "sites" are also routinely identified as "sites." As Delson (1984) Leakey and Leakey 1978) use the terms "sites" and "localities" synonymously at Koobi Fora, using the SASES (Standard African Site Enumeration System) to place these spatially. In his survey work in Kenya, Pickford (1986) divides the country into six "areas," recognizing smaller "areas" of paleoanthropological significance within these major areas. The smaller areas (for example, the "Koru/Songhor/Muhoroni area") contain "sites," synonymous with "localities" (for example, Site 15 at Koru). It can be seen from this brief review that there is no standardized terminology.
The Paleoanthropological Inventory of Ethiopia avoids the ambiguous term "site." We recognize mappable deposits as "areas" (roughly equivalent to, but less formal than the 'iformations'' or "groups" of the geologist; Bishop 1967; Stein 1987). For example, the Omo and Hadar would constitute "areas" in our terminology.
Like most workers, we use the term "localiN' to describe a relatively discrete paleontological or archaeological occurrence within an area of paleoanthropological significance. Localities are defined on the basis of the (FIG. 1) .
The area is semiarid, characterized by several gently dropping step-faulted blocks dominated topographically by the adjacent rift escarpment to the west and the Awash River and its floodplain to the east. Access from the paved Addis Ababa-Awash Station highway is via an all-weather, unsurfaced road that passes west of the volcano Fentale. Fentale lies ssw of the Kesem-Kebena area, and offset drainages north of the volcano Dofan delimit the area on the north (FIG. 2: inset map) . A series of faults has dropped the Awash River base level relative to the Plio-Pleistocene sediments of the Kesem-Kebena, leading to dissection of these beds by streams draining toward the Awash River, the largest of these being the Kesem and the Kebena. The plantations of Sabure (Awara Melka) and Yalo Kebena have been established on the Awash floodplain (elevation 750-850 m), irrigated by these two major Awash tributaries which drain the adjacent highlands to the west (elevation 2800 m). These and adjacent, more ephemeral drainages such as the Sisale d'Ar and Tunfeta slice through the elevated Plio-Pleistocene sediments from west to east, forming deep canyons that expose dramatic stratigraphic sections in some places (FIG. 2) .
The standard geological map of Ethiopia designates rocks in the Kesem-Kebena area as Holocene sediments (1:2,000,000 scale; Kazmin 1975), whereas Taieb (FIG. 2) . The rift margin in this region is broad and drops gently toward the rift floor. It is cut by densely spaced and partially buried NE-sw-trending normal faults that form synthetically and antithetically rotated step-faulted blocks. Several sections were studied and sampled to constrain the age and stratigraphic relationships of the various units across several fault blocks throughout the Kesem-Kebena area (FIG. 3) .
In the NW part of the study area, several lithologic units are exposed along a major NE-sw-trending fault scarp up to 200 m high. The fossiliferous K-K1 and K-K2 localities occur along normal fault scarps and are less than 2 km apart (FIG. 2) . The Nw-sE-trending normal faults that run between these two localities prevent the units at each from being traced laterally, even across that short distance. Because of these cross-cutting faults, the lateral distribution of the various lithologic units is local in extent.
The rift axis-oriented fault scarp at the K-K1 locality The stratigraphic sequence at the K-K2 locality consists of basaltic flows, tephra beds, an altered basalt, and a fossiliferous sediment at the base of the section (FIG. 3) .
The basal flow (KK-2A) of the lava sequence is fairly porphyritic with plagioclase phenocrysts. In the middle of the section, several beds of tephra underlie the lavas and consist of poorly consolidated and weathered ash fall (KK-2B) that is underlain by a welded and fissile vitric tuff (KK-2C). The base of the tephra units consists of bedded and laminated vitric ash fall layers (KK-2D). The basalt flow (KK-2E) below the ash beds is strongly weathered and crops out atop the fossil-bearing sediments.
Geochemical data ( -7) , bedded pumiceous fall (K-8 and K-9), a porphyritic basalt (K-10) with a 1 m-thick baked zone, and a crystal-rich and strongly welded tuff (K-ll). Because of the attitude of the units and the widespread faulting, most of these units cannot be traced laterally except in the adjacent box canyon of the Kebena River. Based on the degree of welding and proxiniity, the welded ash flow and ash fall tuff units were probably erupted from either of the nearest Quaternary center of Fentale or Dofan to the sw and SE of the section, respectively, whereas the basaltic flow is fissural in origin. These units are buried under thick (>200 m) basalt-dominated sand, gravel, and conglomerate deposits that were transported from the adjacent western rific escarpment (FIG. 2) .
The three tuff units from the Tunfeta seciion are generally rnildly peraLkaline, whereas the sample from the Kebena River is peralkaline, with higher iron (ca. 6 wt%) content than the others (TABLE 4) As noted in the preceding section, two vertebrate localities were described for the Kesem-Kebena area, K-K1 and K-K2. The older locality, K-K2, is located in an embayment of an escarpment called "Adon-Adas" (FIG.  2) . Here, the fauna comprises fragmentary chelonian and proboscidean remains found in situ and on an outwash lag surface below some silts that underlie the basalt dated at 3.76 Ma.
LOCALITY K-K1
The most important Pliocene vertebrate locality thus far discovered in the Kesem-Kebena area is K-K1, found by Yonas Beyene in 1988 on a steep slope ca. 13.5 krn north of Sabure (FIG. 2) . Dozens of vertebrate fossils were exposed on the surface here, and a search of the slope identified the fossiliferous stratum as a gray silty sand poorly exposed on the steep slope about 25 m below the 2. Biochronologically, the K-K1 locality is clearly Pliocene, best fitting between Hadar and Omo Shungura Member C. Thus, a biochronological placement of ca. 3.0-2.5 Ma would best fit the known fauna. The discrepancy between this estimate and the superimposed basalt date of 2.23 Ma will only be resolved by further field research, but both lines of evidence place the K-K1 occurrence firtnly in the Pliocene. This is a period of considerable importance in mammalian, and particularly hominid, evolution in Africa.
The Kesem-Kebena Pliocene sediments described in the previous section on geology comprise many beds deposited by rapidly flowing water. This, and the fact that the beds are not well exposed horizontally, contribute to the limited number (two) of Pliocene vertebrate localities established by inventory project personnel. Isolated vertebrate fossils, Hippanon teeth and a phalanx, were found on Pliocene strata exposed in the walls of the Kebena river canyon NE of the K-K1 and K-K2 localities. More detailed paleontological survey will undoubtedly produce additional vertebrate paleontological localities in the KesemKebena Pliocene strata. The inventory team found no evidence of lithic technology or hominid-based bone modification in the Pliocene deposits.
Kesem-Kebena: Pleistocene
Geolo,gy and Geoclyronolo,gy
The volcanic flows and the interbedded sediments of the Kesem-Kebena area get progressively younger in age toward the rift axis and away from the western rift escarpment. The Late Pliocene rocks are generally covered by tephras in elevated terranes and tephras and sediments in the low-lying areas. Several sections consisiing of Early to Middle Pleistocene volcanic and sedimentary deposits occur along fault scarps and stream cuts. In the Bara locality, about 3 km SE of the K-K1 localibr (FIG. 2) , vertebrate bone-bearing conglomeratic and silbr sediments occur below reworked tuff and ash fall that are capped by an agglomeratic unit. Northeast of the Bars section and alsout a kilometer east of the K-K1 localibr, clastic beds and tephra units crop out along gullies. Most of these sediments are devoid of fossils except for localized, low den- In the K-K4 locality, north of the Tunfeta stream, several tephra layers are exposed betsveen fossil-bearing sediments. There, a welded tuff (KK-4A) occurs below and above a pumice (KK-4B) and an ash fall (KK-4C) unit, respectively (FIG. 4) . These tephras blanket light-brown fossiliferous sediments. About a kilometer to the NW of this section, a bedded vitric ash (KK-4E) that grades down to a strongly welded fiamme-rich greenish tuff (KK-4D) crops out. These units are gently tilted to the SE. The silicic tephras of the K-K4 locality are geochemically variable (TABLE 2) . They range from alkaline to peralkaline in composition, suggesting variable source areas or a center that erupted compositionally variable flows. Sample KK-4A contains tsvo types of volcanic glasses (KK-4A; KK-4A2) suggestive of magma mixture prior to eruption. Some of the glasses are silica-poor and iron-rich, whereas the opposite is true for the other type (TABLE 2) . Some of the tephra units were recognized in other sections around the K-K4 locality. Major element contents of KK-4G and KK-4C are similar, whereas some of the glasses in KK-4A are compositionally correlative to glasses in KK-4J. Sanidine separates from the lithic-rich welded tuff (KK-4A) above the fossiliferous sediments yielded an 40Ar/39Ar age of 1.05 Ma. Based on the local stratigraphic relations, this unit is older than most of the ash falls except for the southeasterly-tilted, green welded tuff (KK-4D and E).
Northeast of the K-K4 locality, several fossil-and artifact-rich sediments crop out along stream gullies (FIG. 2) (TABLE 2) . The similarity in age and the variation in chemistry suggest that the units were erupted from separate source areas more or less at the same time as the tephras of the K-K4 locality, probably from Dofan and Fentale (FIG. 2) , the closest Quaternary volcanic centers in the area. At Dofan, just east of the K-K3, K-K6, and the K-K7 localities, some of the youngest obsidian flows (83W43B) are much younger than the tephra units encountered at the K-K6 locality to the north (TABLE 3) .
Based on major element glass chemistry, some of the tephra units were correlated to each other within the study area (TABLE 4) . For example, a tuff unit (KK-1D) from the K-K1 locality is similar to KK-4E that crops out in a stream below the KK-4A welded tuff (1.05 Ma). Both KK-4A and KK-6A yielded similar ages (TABLE 2) and have very similar chemistry (TABLE 4) . Another unit (KK-4J) from the vicinity of the K-K4 locality is also correlated to both tuffs. Some of the younger tephras from the adjacent K-K4 and K-K6 localities are also sirnilar. For example, KK-4G and KK-6G (1.0 Ma) have sirnilar major element chemistry. The SD-1 tuff exposed SE of the K-K1 locality (FIG. 2) iS also correlated to K-ll (1.85 Ma) from the top part of the Tunfeta Canyon (FIG. 3) .
Paleontolofly and Archoleolofly
The Pleistocene deposits in the Kesem drainage area west of Awara Melka (Sabure) are sterile, except for abundant rootcasts, but their counterparts to the north are increasingly fossiliferous and irnplementiferous, particularly west of the volcano Dofan (FIG. 2) . Al1 of the transects north of the Tunfeta drainage encountered archaeological evidence in the form of flakes, debitage, and occasional isolated handaxes. The established localities all represent occurrences with concentrations of vertebrate fossils. Our survey of middle Pleistocene rocks established four paleoanthropological localities in the Kesem-Kebena area.
LOCALITY K-K4
The most southerly locality, K-K4, is a rich vertebrate locality with a diverse surface and exposed in situ fauna (FIG. 4) . No artifacts were seen directly associated with the K-K4 vertebrate assemblage, but about 20 m to the west, in the same geological unit, a denticulated sidescraper made of welded tuff was found in situ. Excavations of the poorly-consolidated, fossiliferous silty sands which yield the diverse, well-preserved fauna will be necessary to establish the archaeological content of the locality-a few flakes and chunks, mostly of welded tuff, were identified on adjacent slopes, and more surface artifacts, including handaxes, sidescrapers, and unretouched flakes on welded tuff and chalcedony, were found ca. 500 m to the west.
The K-K4 faunal assemblage shows a wide range of body parts, some articulated, and includes the taxa Met"-diochosorus modestus (partial cranium), Tragelaphini, Alcelaphini, Antidorcas cf. recki, a large Egyuas, Theropithecus oswaldi (distal tibia), Colobus sp. (2 maxillae), and Viverridae. The biochronological placement of this fauna is rendered difficult by the lirnited sample size of the surface specimens, and by a rarity of well-dated middle Pleistocene assemblages elsewhere in Africa. It is notable that aquatic elements are absent in this assemblage. The deposits are vertebrate fauna including the suid Kolpochoerus majus, a taxon also found in the Bodo deposits of the Middle Awash Valley (Harris and VVhite 1979; , as well as the remains of Rhinocerotidae, Hippopotamidae, Alcelaphini, and Antilopini. The bone was well fossilized, and specimens range from unabraded to highly rolled bone pebbles. The unit yielding these remains also contained a few in situ welded-tuff flakes and chunks, but no handaxes were present. The artifacts, although unabraded, were judged to be in secondary context. Outcrops of the same geological unit were traced across to the western bank of the Kurteti where they were also observed to yield vertebrate fossils and occasional artifacts.
LOCALITY K-K6
The K-K6 locality is an extensive outcrop of Pleistocene sediments farther west of the volcano Dofan in the Haraftile and adjacent drainages (FIGS. 2, 6). Concentrations of artifacts (particularly Acheulian bifaces) and vertebrate fossils were found in an area measuring approximately 50,000 sq m, but we chose to identify the entire continuous outcrop as one locality because at least a thin scatter of artifacts and fossils was present wherever the relevant sediments outcropped. The locality is dissected into thirds by the two forks of the Haraftile drainage (below whose junction the drainage is called the "Edegaho"). Fossils and artifacts were found from the top to the bottom of this section (FIG. 5) , but a widespread, light-grey tuffaceous deposit yielded the greatest concentration of surface artifacts and vertebrate fossils.
Abundant vertebrate fossils found on surfaces of the K-K6 outcrops, particularly on the light grey tuffaceous deposits, included remains of Elephas sp., Bovini, Alcelaphini, Reduncini/Hippotragini, Kolpochoergs olduvaiensis, Phacochoergs sp., Hippopotamus Sp. (FIG. 6) , Rhinocerotidae, Equus sp., Crocodilia, Pisces, and Aves. Fish, crocodile, and hippopotamus fossils were particularly abundant, indicating a permanent water source at the time of deposition. Found on surfaces of the same outcrops were a low-density background scatter of flakes, and a few bifaces, mostly on welded tuff and rhyolite.
In one location, KK-6b, benveen the Haraftile drainage arms, an approximately 20 x 20 m remnant patch of tuffaceous silts had exposed on its surface 21 unabraded handaxes (FIG. 7) . One was found-in situ in the light gray tuffaceous deposit. Very few whole flakes and sidescrapers were found with the handaxes (they had obviously been made elsewhere and imported), in contrast to other K-K6 exposures of the same stratum where flakes were common but bifaces rare.
In addition to the miscellaneous small tools and flakes, Silty and conglomeratic sediments are disconformable above the youngest vitric ash deposits along stream terraces in the vicinity of most of the fossil-and artifactbearing localities described above. These later sedimentary deposits occur primarily as isolated patches. One of the well documented outcrops occurs at the K-K5 locality between the K-K3 and K-K6 Pleistocene sections (FIGS. 2, 9). The sedimentary rocks at locality K-K5 consist of a moderately consolidated light-brown, silty clay with conglomeratic lenses exposed along a stream bank to the north of the Kurteti seasonal stream. In a terrace adjacent to the northern bank of the stream a dense concentration of artifacts with small fragments of bone was discovered (FIG. 10) .
Polleontolofly omd Archaeolofly
The thin veneer of late Pleistocene sediments between localities K-K3 and K-K6 has deflated due to erosion at locality K-K5, revealing a rich concentration of Later Stone Age artifacts (FIG. 10) . The locality is placed on a terrace about 20 m above the local drainage floors. The artifacts include fire-altered rocks, endscrapers, flakes from prepared cores, sidescrapers, microliths, blade cores, blades, and debitage. Most of the artifacts are on welded tuff, but some are on obsidian and chalcedony. There is friable vertebrate bone and some charcoal associated with the assemblage. There are many large blades on obsidian and welded tuff at this extensive locality, but none of the fauna was identifiable. Smaller occurrences with similar content were seen in much of the area west of Dofan volcano, always unconformably superimposed on the earlier Pleistocene sediments.
Middle Stone Age assemblages are notably absent from the Kesem-Kebena area, with the exception of surface occurrences near the "Asa Kela" drainage where Levallois flakes, and cores, small bifaces, denticulated sidescrapers and notched flakes on welded tuff were encountered on the surface during survey. No locality was assigned to these assemblages.
Plio-Pleistocene Evolution of the Kesem-Kebena Area
In its northern sector, the Main Ethiopian Rift (MER) broadens toward the Afar depression. The rift margin in the Kesem-Kebena area is characterized by broad, stepfaulted, synthetically-and antithetically-tilted, and extensively dissected blocks that gently drop toward the rift floor. According to Morton and Black (1975) , this is a manifestation of rifting and crustal thinning that developed as a result of normal faulting and block tilting and ductile deformation within the upper and lower crustal layers, respectively. Mohr (1983) , however, disputed this hypothesis and suggested an alternative process of dilation and ductile deformation that was enhanced by heat flow from dike injections to create this kind of rifting mechanism. Although no dikes were observed in the KesemKebena area, magma injections that led to basalt fissural eruptions along border faults of the marginal grabens may have facilitated dilation and block tilting, resulting in the present tectonic and geomorphic features of the broadlyfaulted western rift margin. The rift shoulder of the western escarpment of the northern sector of the MER between Addis Ababa and Debre Berhan (FIG. 2) consists of Oligocene and Miocene basaltic and silicic flows, whereas As presented in the geologic descriptions of each locality, the Kesem-Kebena area is characterized by intercalating deposits of sedimentary and volcanic units that have been cut by swarms of riE-axis (NE-SW) oriented normal faults that are occasionally displaced by transverse faults (FIG. 2) . Today, there is more than 300 m of vertical displacement between the K-K1 and K-K2 localities and the flood plain of the Awash River and its major tributaries, the Kesem and the Kebena Rivers, that drain across the study area from the adjacent rift shoulder (FIG. 2) . The Kesem-Kebena area has dramatically evolved geomorphologically from a gently dipping and downwarped terrane draped by flood basalt and tephra units of the Middle to Late Miocene time (FIG. llA) to an area dominated by antithetically-tilted fault blocks that bounded several parallel marginal grabens characterized by flood plain and fresh water depositional environments during the Pliocene (FIG. llB) . In the Pleistocene, the Kesem-Kebena area continued to be affected by major basaltic and silicic eruptions and intense faulting and tilting and evolved to a set of gently dropping step-faulted and rotated blocks (FIG.  llC) Figure 11A represents a downwarped region prior to Early Pliocene intense faulting and marginal graben formation (FIG. llB) . Antithetic block faulting and tilting were dominant. The marginal grabens acted as sediment traps that deposited in fresh water environments during rift evolution. In the Pleistocene the marginal grabens were extended and filled with sediments and volcanic rocks, and subsequently faulted. Older rocks and structures were buried under younger units, and today the area is characterized by synthetically-tilted, step-faulted blocks (FIG. 11C) . (FIG. 2) .
Northeast of the K-K1 and K-K2 localities, the Kebena River runs along a major transverse fault that has displaced most of the older rocks to the east. The older units recognized at the K-K1 and the K-K2 localities are not exposed in the deep canyon cut by the lower Kebena River. The section here consists of younger rocks and is capped by a densely welded early Pleistocene tuff. The faulting probably preceded the deposition of these rocks. The poorly sorted and consolidated gravel deposits that make up most of the section (>250 m) were probably transported from the adjacent rift shoulder. In Figure 3 , the lithologic units are represented by intercalating volcanic flows and sedimentary deposits as in the K-K1 and K-K2 localities, suggesting the existence of grabens that acted as depositional environments. Subsequent faulting and tilting of older fault blocks and basaltic eruption modified the basin, halting sedimentation processes. The age of the rocks decreases eastward and toward the rift axis. The densely welded tuff that caps most of the units west of the K-K4 locality thickens to the sw and was possibly erupted from Mt. Fentale. In the NE half of the KesemKebena area, the ash flow tuffs and vitric ashes are blanketed by fluvial and lacustrine sediments consistent with the fresh water fossil remains recognized in the K-K3, K-K6, and K-K7 localities. The thick gravel deposits of the Kebena River section are not apparent in K-K4, K-K6, and K-K7 localities (FIG. 2) .
Conclusion
The 
